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BH3yaIM3alMH KOCTHOrO paka. B jaHHOM cTaTbe 
lipeqvioxKeHa HOBaA TeEXHHMKa OLCHKH CTaqHu UM CTeleHu 
paka B J\VIMHHBIX KOCTAX Ha OCHOBe aHaJIM3a 
PeHTreHOBCKoroO H300paxeHuA. V300paxeHna koctTeit, 
TlOpaxkKeHHbIX PaKOM, OObIMHO MMeIOT H3MCHCHHA B 
TeKcType KOCTH B MopaxkeHHow oOnactu. Ja 
TIpOBeyeCHHA  aHasIv3a UCIOIb3yeTCH COBMeLIeHHe 
pa3JIM4HbIX MeTOAONOrHHM. B mpeqoxeHHOM MOAxXoOTe 
MBI W3BJIeKaeM OIIpeeJICHHbIe XapaKTepHCTHKH 3 
PeCHTreHOBCKHX VW300paxKeHHH KOCTei MW UCTIOb3yeM 
MeTOJ ONOPHbIX BeKTOpoB (SVM) aia pasrpaHuueHna 
3NOpOBbIX HM paKOBbIX KocTeH. JlIaA oKaIM3alMH 
TlOpaxKeHHbIX PaKOM OOJIacTei HCHOUb3yeTCA MeTO Ha 
ocHoBe wWHdppopow reomMerpuHu. XapakTepuctuka 
TekymjeH cTaquu UU cTemeHH 3a00eBaHHA U 
WAeHTupuKalMA = XapakTepa pa3pyllieHHa KOCTH 
OCYIICCTBIAIOTCA C MOMOLM{bIO KIaccH(uKaTopa Ha 
ocHoBe JjepeBa peleHuli. Kpome Toro, 9TOT MeTOy 
IIpHBOAMT K pa3paOoTKe KOMIIbIOTepHOM CHCTeMBI 
MOMOWM B WMarHOCcTuKe, KOTOPpOH MOryT JlerKo 
TIOJIb3OBaTbCA (besbAWIepEI u Bpadu. 
OKCHEPHMECHTAJIBHbIC Pe3YJIbTAaTbI Ha PAE TeECTOBbIX 
corydaeB M1OKa3bIBaloT YNOBJICTBOPHTeJIBHbIC 
WMarHocTuyeckHe =BbIBObI WO CpaBHeHHIO C 
V3BeCTHBIMH JIaHHbIMH, MOJLYYeHHbIMM B KJIMHHYeCKHX 
HCCeOBaHHAX. 


1,2 v v 
; CamapkaHyacKkuit rocyapCTBCHHbIN 
Me MUMHCKHH YHUBeCpCcuTert 


Ku1r04eBble CJ10Ba: KOCTHOH pak, 
PCHTTeHOBCKHM CHHMOK KOCTH, 
CBA3HbIC KOMITOHEHTEI, JEpeBo 
PelIeHHH, OPTO-KOHBeEKCHOEe TOKpBITHe, 
TeCT Ha MOCHeOBAaTeIBHOCThb, MeTO], 
OINOPHbIX BEKTOPOB. 
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Bsaeyzenne 


AHasIH3 PCHTTCHOBCKHX HW300paxKeHH MpeocTaBdeT OAMH W3 CaMBIX JJOCTYIHbIX TepBH4HBIX 
MeTOJOB CKPHHHHra JIA MarHOCTHKH KOCTHOrO paka. Kak oTMeuaeTCA B MCQHIMHCKOM JMTepatype 
[16], mepBu4Had OyXxOJIb KOCTH OOBIMHO TIPOABJIAeTCA He3AMCTHBIMH CHMITOMaMH, TaKHMH Kak 
Il€peJIOM KOCTH, OTCK BOKPyI KOCTH, HOBbIM POCT KOCTH WIM OTCK B MATKHX TKAHAX, OKPyKalolux 
KocTb. UacTo Ha peHTTeHOBCKOM H300paxKeHHU KOCTH, MopaxeHHOM paKOM, OHA BBITIATHT OTIM4HO 
OT OKpyKarOWMX 30poBbIxX KocTeli M OONaCTH MATKHX TkaHeli. CKOpocTb MoromeHna 
PCHTTeHOBCKOLO H3JIYYCHHA KIETKAMH KOCTH B WOpaxKeHHOM pakom OOsIacTH OTIMYAeTCA OT CKOpOCTH 
HOPIOMWeCHHA B 3OPOBbIX KJIeTKax KocTH [16]. B pesynbrate, H300paxeHHe KOCTei, MopaxeHHBIX 
pakom, IpHHumaet (dopmy "HepoBHoi" TOBepxHOcTH (MpOHHKarollee paspylieHve KOCTH), OIMyXouH 
(reorpaduyeckoe pa3pyllleHve KOCTH) WIM WbIPOK (3yO"UaTad CTPyKTypa pa3pylleHua KocTH) [7]. 


Knaccnukalua cTelleHu paka KOCTH HW UAeHTHpUKAMA XapakTepa pa3pylWieHHA KOCTH ABIIAIOTCA 
JIBYMA HeOOXOXMMbIMH KOMIIOHCHTaMH Jd JIedeHHA TOTO 3a0oeBaHuA. CTaqua WU CTeIeHb paka 
KOCTH ABJIAIOTCA Mepoi TaxKecTH 3a00NeBaHua. IlocreneHHad ufeHTupuKalMa xXapakTepa 
pa3pylIeHHA KOCTH B MOpaxKeHHOM pakoM OOaCTH TakxKe TOMOTaeT BpadaM OLCHHTb CKOPOCTb pocta 
3a00eBaHHA WIM MpOrHO3HpOBaTb pe3yiIbTaTbI jJIedeHua. TakuM oOpa30M, aBTOMaTHYecKad 
KlaccHukaluA CTayqHu paka KOCTH, ee CTelleHH M XapakTepa pa3pylleHHA KOCTH OyyeT Moe3Ha 
Me{MUMHCKUM T1pakTHKaM JA TIaHHpoOBaHHA JIedeHHsA. 


MatepnaJibi HW MeTOAbI 


MetTod, OmHcaHHbIi B WaHHOM padoTe, BKIIOUAeT TPH OCHOBHEIX KOMIOHeHTAa: (I) HuarHocTuka paka 
KOCTH Ha PeHTTeHOBCKOM H300paxKeHHH, pH HamMunn, (I) nokamM3ai{Ma NopaxeHHon 30H! H (IIT) 
oueHKa TaxKecTH 3a00/1eBaHua. Ha pucyHke | n300paxKeHbI pa3sIM4HbIe :a3bl WpeIOx*KeHHOM MOJeNH. 
Jia oOHapykKeHHaA HaIM4uHA paka KOCTH U3 [IpeABapuTesbHO OOpaOoTaHHoro peHTreHOBCKOrO 
W300paxKeHHA M3BJIeKaIOTCA OlpeesIeHHble MMarHOcTMYecKHe TIpH3HaKH Ha OCHOBe aHaiM3a 
CBA3AHHBIX KOMIOHCHTOB HM TEKCTYpbI KOCTH. 3aTeM HCHOMb3YeTCA METO], OMOPHbIX BeKTOPOB [8, 27] 
UIA JIOKAIM3alHH WopaxkeHHbIX yAaCTKOB Ha PeHTTeHOBCKOM H300paxKeHHH. TouHble rpaHUI{bl 30HBI C 
PaKOM OMIpeeAIOTCA C HCHOMb30BAHHEM KOHICHUMH HU30TETHYECKOLO OPTO-BBIYKIOrO MOKPbITHA 
[21]. UssnexaroTca pa3sIM4HbIe NapaMeTpbI XapakKTepHCTHK, Take Kak MWIOWab MOparxKeHHOH 30HBI (B 
KouIM4ecTBe WHKceei), MOKa3aTesb BOrHyTOcTH [3] H aTpHOyTEI HelIpepbIBHOCTH TpaHHIbl 3O0HBI. 
Hakonell, Ha OCHOBe 9THX MIPH3HAKOB B Ka4eCTBe BXOJHBIX JaHHbIX MCHOUb3yeTCA KaccuduKarTop, 
OCHOBaHHbIM Ha JepeBe IpHHATHA pelleHui [9], Wa pacllosHaBaHHA XapaKTepa pa3pyWIeHHA KOCTH, 
cTaq{MM UW CTereHu 3a00IeBaHHA. 


II[pexBaputesbHan oOpaboTKa 


Tlepppiit 9Tal Halliero aHasiv3a 3aKJIFOUaeTCA B CErMeHTAIM OOACTH KOCTH OT OKPy2KarolllHux TKaHeli 
Mw mbm. Ha peHTreHoBCKOM U300paxKeHHH KOCTH, WopaxKeHHOM paKOM, MMKCeIM MMeIOT 
pa3HooOpa3Hble 3HadeHHA MHTeHCHBHOCTH. Jd CerMeHTallMu MopaxkeHHON OOacTu MpesTO*KeHHbIM 
MeTO], HCIOJb3yeT MeTOX, OCHOBaHHbI Ha JMCKPpMMMHalMn 10 SHTpOMMH UW cTaHyapTHOMy 
OTKIOHeHHIO [4]. 


OHTpOMMA W300paxKeHHA TIpeACTaBIIAeT HeOMpeeICHHOCTb, CBA3AHHYIO CO 3HaYeHHAMM MMKCesel, 
TIpHHaiexkaliuMu K ollpeyeweHHoH oOsacTH. 3Ha4veHHe OKaIbHOM SHTpOMMH B v300paxKeHHH 
Soe Wid HeOHOpOAHON OOacTH MO cpaBHeHHIO C OAHOpOAHOM OONacTBIO. TakuM oOpa3o0m, 
TlepexoJHble OOIacTH OyAYT UMeTb OosIee BLICOKYIO JIOKAJIBHY!IO SHTPOMMIO M10 CpaBHeHHIO C ApyrnMu 
OJHOpOAHEIMH OOsacTamu. Ecmuw SI0KasibHad SHTpOMHA WIA KaxKTOTO MMKcesA w300paxKeHHA 
YMHOXKAaCTCA Ha JOKAIbHOe CTAHapTHOe OTKIOHeHHe 3HAYeCHHM MHTCHCHBHOCTH (JIA OKHa pa3MepoM 
nN X n), MOyYeHHOe Mpou3sBeAeHHe CTAHOBHTCA 3HAYNTCILHO BbICOKHM B IIepeXOHbIX OOACTAX, UH 
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39TO MOXKHO HCIMOIS30BATH IA OMIpeeIeCHUA PPaHUI KOCTH OTHOCHTEJbHO OKpy2KarolHXx OLHOPOHBIX 
oOslacTei, COCTOAIMMX H3 MATKUX TKaHe;i. 


B mpegmaraeMom Toyxoye co3qaeTca H300paxeHHe IHTPOMMU-cTaHAapTHOrO oTKIOHeHUA (E-S) WIA 
olpeyeeHud WopaxkeHHOM OOsacTH BMecTe c rpaHuiei KocTH. PasMep oxHa 9 x 9 BBIOpaH WIA 
BBIMMCIICHHA JIOKAIbHOM SHTpoMMN. bosee MasleHbKHM pa3sMep OKHa (5 x 5 nM 7 X 7) yBeM4MBaeT 
BpeMA BBIMHMCIeCHHH 3a C4eT He3HAYHTeIbHOrO yJIyUWIeHHA KayeCTBa CelMeCHTHPOBaHHOrO 
w300paxeHua. IlooTOMy MbI VCHOUb30BaIH pa3Mep OKHa 9 X 9 JIA BbIYMCIICHHA IIOKAIbHOM 
9HTpomMu. Ha pucyHke 2a moKa3aHO peHTTeHOBCKOe H300paxeHHe KocTH. V300paxeHue SHTporHH- 
cTaHJapTHoro oTKIOHeHHA (E-S) (c OKHOM 9 x 9), cooTBeTCTByrIOllee BXOJHOMy PeHTTeHOBCKOMy 
YW300paxKeHHI0, MOKa3aHo Ha pucyHke 2b, a KOHTyp CefMeCHTHPOBaHHOLO H300paxKeHHA KOCTH MOKa3aH 
Ha pucyHKe 2c. Ha w300paxenuu E-S mpumMenaeTcd TucTorpaMMHoe ToporoBoe 3HadeHHe 
WHTCHCHBHOCTH HM MOpdomorM4ecKkoe crylieHve, 4TOOLI MOUyIHTh ABOHYHOe U300paxKeHHe Cc 
ONHOMMKCeIBHOM LWHpHHoN. 


VsBs1euenne 1pv3HakoB 


C pa3BHTHeM paKa KOCTH KOHTyp KOCTH WM TeKCTypa MOBepxXHOCTH KOCTH u3MeHAIOTCA [16]. 
JlehopmMatua KOHTypa KOCTH HM H3MCHCHHad TeKCTypa aHaJIM3MPyIOTCA [JIA BbIABJICHHA TIPpH3HaKOB, 
KOTOpbIe OyAYT HCMONL30BAaTbCA JIA IPHHATHA peleHuit. 


AuaJIv3 KOHTypa KocTH Hasmune HeCKOJIBKHX CBA3AHHbIX KOMIOHEHT Ha JIeBOM HU MpaBol CTOpoHax 
KOHTypa KOCTH WIM Ha MOBCPXHOCTH KOCTH ykKa3bIBaeT Ha HeOOBIMHOCTS B KocTH. MbI TpoBoOqMM 
aHasIH3 CBA3aHHbIX KOMMOHeHT (CCA) [10] oqHomMKcebHOrO u300paxKeHHA KOHTypa kocTu. Hari 
aHasIM3 Ha OOyyarollei BEIOOpKe MOKa3bIBaeT, YTO 34OPOBad JJIMHHad KOCTb COJepxKUT O4CHb MasIO 
TpaHul| Ha MOBeEpXHOCTH KOCTH, B TO BpeMA KaK KOCTH, WOpaxKeHHble PakKOM, HMCIOT HECKOJIbKO 
CBA3AHHBIX KOMIIOHEHTOB (pic. 3c). 


CorsacHo Mey{MUMHCKON MTepatype [16], MopaxeHHasx pakoM OOsacTb UMeeT pyrylo CTpyKTypy 110 
CpaBHeHHIO C 30pOBOM KOCTbIO Ha PeCHTTeHOBCKOM v300paxeHHH. TlopaxeHHad OOacTb MOxKeT 
HMeTb "pBaHyio" MOBepxHOcTb (pric. 3a), HeOOMbIUIMe OTBEPCTHA Ha MOBeEPXHOCTH WIM THraHTCKy1o 
IOJIOCTb BHYTpU KOCTH. B HeKOTOPbIX CTy4aAX MOJIOCTh pacluMpAeTCA U UCKaxKaeT rpaHHubl KocTu. B 
TaKHX CHTyalWAX Ha MOBEPXHOCTH KOCTH MOTryT HOABJIATBCA HeEKOTOpble rpaHuubl. Ha pucyHKe 3c 
TloKa3aHoO pactipeyemeHwe oOmero 4NCIa JIMHHi MOBepXHOCTH (CBA3aHHbIX KOMIIOHCHTOB Ha 
IIOBepXHOCTH KOCTH) HM UX OOMero pa3Mepa (MHKCeNeiM) WIA 300pOBbIX H TMopaxKeHHbIX PakKOM 
w300paxeHuii. TakuM 00pa30M, MHOXKCCTBCHHOCTb CBA3AHHBIX KOMIOHCHTOB Ha MIOBEPXHOCTH KOCTH 
Ha PCHTTeCHOBCKOM H300paxKeHHH MOXKET ObITh HCIONb30BaHAa JIA OMpeeeHuA HaIM4MA paka B 
KOCTH. 


TecT Ha cep JIA aHaM3a TeKcTypbI KOcTH [loBepxHOCTb KOCTH, WopaxkeHHad pakoM, OOsIayaeT 
HepaBHOMepHOM TeKCTypoH, Tye CTpyKTypHble HM TreOMeTpHyecKHe MOAXOAbI K aHaIM3y TeKCTYPbI 
MOryT ObITb He O4CHb TMOJIC3HbIMH, MOCKOJIbKy TeKCTypa He MMeeT KOHKpeTHOrO wiads0HAa. 
HaOsrofaetca, 4TO TMKCeuIH UMeIOT OHOPOAHOeE paciipeyereHHe MWHTeCHCHBHOCTH B OOsIaCcTH 
3,0POBOH KOCTH H HeOAHOpOAHOe paciipeyeseHHe MHTCHCMBHOCTH B MopaxKeCHHbIX pakKOM OOJIACTAX. 
IlosTOMy HX MO%KHO pa3JIMYHTb Ha OCHOBe Mepbl, OTparxkKarolleH ClyuyawHOCTb HMHTCHCHBHOCTeM 
mukKceseH. 3yecb MpuMeHsAeTcA TecT Ha cepuu [19] aa OOHapyKeHHA CIyyaiHOcTH 3HadeHHii 
HHTCHCHBHOCTH B PpaKOM HOpaxKeHHBIX OOACTAX. 


Pe3yIbTaTbI 


IIpeqioxKeHHBIM MeTOA ObLI OleHeH Ha Hadope JaHHBIX M3 PeCHTTeCHOBCKHX H300paxKeHH KOCTe C 
pakom. bospuiHHcTBo H300paxeHHit OBLIN COOpaHbl M3 pa3sIM4HbIxX OOM IOCTYMHBIX HAOOPOB aHHBIX 
u BeO0-caiiToB, TaKHX Kak Hadop JaHHBIX TCIA 
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(https://wiki.cancerimagingarchive.net/display/Public/Wik1), BeO-caliT Radiology Assistant 
(www.radiologyassistant.nl), Radiopedia = (http://radiopaedia.org) u Bone and _ Spine 
(http://ooneandspine.com/bone-tumors-images-and-xrays/). Kumunueckue pe3yJIbTaTBl u 
KOMMEHTapHn, JOCTYMHbIe K ITHM H300paxKeHHAM, HCHOb3OBAIHCb B KAYCCTBe HCTHHHBIX 3HAdeHHit 
JIA COOTBETCTBYIOMNNX H300paxeHnit. IlomHaa 6a3a JaHHbIX BCeX HMCIOIb30BaHHBIX B aHHO padote 
w300paxeHnit MOXKeT ObITb noulyuena oe) Be0-CTpaHHIbl 
(https://drive.google.com/open?id=0B5M6Y OylgFnSalduRnJJNGSQQIE). Ona coctontT u3 Hadopa u3 
150 peHTreHoBCcKHx H300paxKeHHit JIMHHbIX KocTeli (50 aya 3Q0poBbIx mH u 100 aa MaljMeHToB c 
pakom). Mor ucnob30BasIM CTpaTervio MepeKpecTHOM MpoBepKH C MATbIO OOKAMH JIA OLeCHKH 
cpeqHei TOUHOCTH KyIaccupuKatTopa. B  mpomecce Bbi0opa aHHbIX MBI BbITOJHMIM 
CTpaTHuuMpoBaHHoe BEIOOPpOUHOe U3BIeYeHHe, YTOOI MOAepXUBATb OAMHAKOBYIO IIpOMOpLH1o 
3,0POBBIX HM OOJbHEIX H300paxKeHHM B KaxKOM BbIOpaHHOM HaOope. B HalltMx 9KCIIepHMeHTax MBI 
HCIOJIb3OBaIIM H300paxKeHHA PCHTTCHOBCKHX H300paxKeHUH B OTTCHKaX Ceporo. 


OG6cyxeHHe 


IbdekTuBHOCTS Tpeo*KeHHOFO TOAXoAa OWeCHMBaeTCA IyTeM BbIYHCIeHHA KpuBOM ROC (kpnBas 
xapaKTepHCTHKH padoTbl mpHwemMHHKa) [25] aa pesymbtatoB SVM (oOHapyxeHve paka KOCTH), 
pe3yIbTaTOB JIepeBa peleHHi JIA OllpeyeseHHA CTaqMM MW CTeIMeHH paka, a TakKxKe pe3yJIbTaTOB 
yepepa pelieHui Wad onpeyenenua oOpa3ija pa3pylieHua KocTH (pucyHoK 12). Mor BpiOpann 
llapaMeTpbl KilaccHukaTopa, KOTOPble MaKCHMH3HpyIOT TWiomWayb Woy KpuBott ROC (AUC). Jina 
KaKOTO clleHapua KIaccHUKalHMM MbI paccCMaTpHBaeM BCe HCTHHHO MouoOKUTeTbHbIe (TP), AcTHHHO 
oTpuuatembHble (TN), 0x%*xHO MosOKUTeNbHEIe (FP) u O%*xXHO OTpulaTenbHbIe (FN) cayyan 1A 
co3qaHua cpeyqHei KpuBow ROC [29]. B cmyuae onpeyeneHua cTrayquu U CTeneHH paka, KpuBat ROC 
(pucyHox 12b) moKa3brBaeT Oosee BEICOKyIO AUC ya u300paxeHuii crenieHu B mo cpaBHeHHIo Cc 
w300paxKeHHaAMH cTemeHH A. Ilockombky B cilyyaax creneHu B 3aTparuBaetca OoNbiad MIOWayb 
KOCTH, IIpe{IOKeCHHEIM MOAXOA Ooee TOUHO OOHAPyKUBaeT 9TH CILyUAaH, eM H300paxKeHHA CTeTIeHU 
A. PucyHox 12c noKka3brBaetT KpuByio ROC gua oOpa3ya pa3pyuieHua KocTu. B tadmuue 6 
II€peCuHCIICHbI Pa3zIM4Hble MOKa3zaTeH MpOW3BOAMTeIbHOCTH, HCHOb3yeMbIe Id KIaccupukaluMn, 
TaKHe KaK TOYHOCTb, YYBCTBHTCJIbHOCTb, CielMPU4HOCTb, TOUHOCTh Hu F-mepa [24]. Hadmrogenna 
OCHOBaHbI Ha TeCTOBbIX OOpa3llax, MOJYAICHHBIX C HCIIOb30BAHHeEM TATHKpAaTHON MepekpecTHOH 
mpospepkw Ha 150 pentreHoBckux u300paxeHHaAx. Ta %Ke Tpolleyypa mpHMeHsAeTcaA pH aHayM3e 
CTaq{MM UW CTereHH 3a00eBAaHHA HW OOpa3l[OB pa3spylieHHA KOCTH. 


B 3ak104eHHe, B WaHHO paOoTe MbI TpeO%KWIIM MeTOAMKY aBTOMaTH3HpOBaHHON WarHOcTHKH 
paka JJIMHHBIX KOCTeH, OCHOBaHHY!O UCKJIIOUMTeJIbHO Ha aHasIM3e€ BXOHOrO PpeHTTeHOBCKOrO 
w300paxenua. IIpeqioxKeHHbIit MeTOX OOBCAMHACT HECKOJIBKO MOXKIMCUMIVIMHApHBIX KOHIenuMH, 
TaKMX KaK CTaTHCTHYeCKHHM TeCT Ha pAJbl, HHCTPyYMCHTbI Ha OCHOBE JIOKAIbHOM SHTpOMMH U 
CTaHapTHOrO OTKIOHeCHHA, WMdpoBo-reoMeTpHyeckuH aHaH3, KIaccHpUKalMA C MCIIOIb30BaHHeM 
SVM u gepeso pemennii. VUyea oproronaibHoro orpaHH4MBalolero MOKpbITHA KJlacTepa 
TIOMC4CHHBIX MHKCeseH MCHOUb3yeTCA WIA yOOHOM BUB3yaIM3alMH HM WMarHOCTHKH 3a00ueBaHHA, a 
TakxKe Jd OUCHKH CTeMeHH TKECTH 3aTPOHYTBIX pakoM oOOsacTeli. IIpumMeHeHue wHdpoBo- 
TeOMETPHYECKHX HHCTPYMCHTOB MO3BOJIAeCT OBICTPO OL[CHMBATh MWIOWatb OONACTH MHTepeca, Tak Kak 
JIA BLIYHCHeHHM TpeOyrlOTCA TOKO OlepalMn B WeuOUMCIeHHOM OOacTH. DKcepHMeHTAaJIbHbIe 
pe3yIbTaTbI Ha MeJ{HIMHCKOM 6a3e aHHBbIX 3OPOBbIX HM 3aTPOHYTbIX PpaKOM PeHTTeHOBCKHX 
w300paxKeHHH MOKa3bIBalOT, YTO TIpeVIORKCHHbIM MeTOA MOCTAaTOUHO TOUCH, TaK KaK TJIOWayb NOL 
KpuBoi ROC yaya oOnapyxKeHuA paka KOCTH cocTaBlIdeT Oosee 0,85. Kpome Toro, B 85% ciryyaes 
oOpa3ell| pa3spyWieHHA KOCTH, CTaqMA UM CTeleHb paka, MpeCKa3aHHble aBTOMaTH3HPpOBaHHbIM 
WHCTPyMeCHTOM, COOTBeETCTBYIOT (aKTH4YeCKHM jJ{aHHBIM, TOTBepxKCHHbIM BpayaMuH 
Me(MUMHCKUMH CrielWasIMcTaMn. 
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